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SPEClFir ATION 
TITLE 

•FEEDBACK COMPENSATION DEVICE AND METHOD. AND HEARING Ain 

DEVICE EMPLOYING SAME" "EARING AID 

BACKGROti ND OF THE INVENTION 

Field of t he Invention 

The present invention concerns s feedback compensator in an acoustic 
amplification system to compensate a feedback signal that ensues upon 
amplification of an input signal due to a feedback path i^ ,^p,„ed output 
Signal to the input signal. The Invention also is directed to a hearing aid device with 
such a feedback compensator, a method for compensating a feedback signal in an 
acouwc amplificticn system, and a method for compensating feedback in a hearing 
aid device. 

DascrlD^en of the Prinr an 

in hearing aid devices, the problem commonly exists of an undesired acoustic 
feedback between a speaker (earphone) and a microphone. Such a feedback can 
cause Whistling noises or other disturbances and themby signlticntly diminish, or 
even reduce to zero, the usefulness of the hearing aid device for the user, 
Depemilng on the characteristics of the hearing aid device and the auditory situation, 
a feedback can ensue at different frequsnoiEs, 

By means of adaptive feedback compensators, It is known to generate a 
compensatton signal that is subtracted from the input signal before the amplification, 
end thus a frequency causing the feedback is r^luced to an intensity that Is below 
the stability limit The generation of the compensation signal ensues along a 
feedback compensation path with an adaptive feedback compensation niter that is 
adjusted by means of an adaptation unit and reproduces the feedback path. A 
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frequ.noy-,.m«„g fiter In feedback comp.ns«.^„ p,,h fre<^en=y r^nge 

In which the compensation signal is generated. 

The expenditure for realizing such feedback compensates is significant, due 
to the generation of the fcodbacK compensation path equivalent to the feedback 
The gener*,n of the feedback compensation signal ensues for me most par. Wth a 
special adap«ve feedback compensation fifer. known as an FIR (Finite impulse 
Response, «er. The frequency-limited amplified output signal, that is converted by 
the FIR Hter into the compensation eigne,, se^es as the Input signal ,o the FIR flker. 

The effect (characteristics) of the FIR finer, reprasentaflve of most feedback 
compensation filters. Is adapted wW, an adaptation unit that adjusts the filter 
coefficients. The adaptation is based on a companson of an er^r signal, usual^ the 
input Signal, with the amplified output signal. An important requirement for a 
successful adaptation is that both signals have expenenced a substantially iden«cal 
filtering before the comparison. 

For the assembly of a feedback compensator, nodes and computer 
operations In the signal path ar. necessary that occupy space .nd requi« computer 
capacity, Furthermore, buffer storage (memory) is requl-Bd In oMer to pn^ss the 
Signal, for example by means of fl,e adaptation unit and the feedback compensation 
filter. Such storage requires space on the hearing aid devtee chip and addltk,nally 
must be supplied with power by the hearing aW device battery. 

Various feedback compensators are known, such as from PCT Appifcation 
WO c,o/,9605. The band«„dth of the compensation signal Is thereby limited so mat 
disn.pt,ons generated by the fecdbock compensation filter on the amplified output 
Signal are minimized and limited to the unstable frequency range. The feedback 
compensator specified in PCT Appllca«on WO 00/19605 is designed to operate the 
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memory efficiently; however, it has complicated signal paths or feedbock paths with 
a number of elaborate computer addition operations and nodes. 

For example. In an embodiment disclosed in PCT Application wo 00/19605 
an input signal Is spfft Into three signals. The first two are directly merged back after 
each Is filtered, and form the input signal for the hearing aid device signal processor 
A compensation signal of an adjustable FIR filter is subtracted from this input signal 
before the processing for feedback compensation. The third signal, after filtering 
thereof serves as an error signal for an adaptation unit of the feedback 
compensation filter. In order to be able to successfully implement the adaptation, the 
compensation signal generated by the FIR filter is subtracted not only from the Input 
signal for the hearing aid device signal processor, but also is additionally subtracted 
from the error signal before the error signal is supplied to the adaptation unit. This 
embodiment has three addition nodes, three splitting nodes, and three filters for the 
compensation of the input signal, and thus is complicated to build. 

Another technique Is based on the use of two hearing aid device signal 
processors. For this, an input signal is split into two signals. The first signal is 
supplied after filtering to a first hearing aid device signal processor. The second 
signal is filtered complementary to the first signal before it is merged with a 
compensation signal. It is then supplied as an error Signal to an adaptation unit of an 
adjustable FIR filter, as well as to a second hearing aid device signal processor. The 
output signal of the second hearing aid device signal processor is filtered at the FIR 
filter and supplied to the adaptation unit, as well as being merged with an output 
signal of the first hearing aid device signal processor. In this technique, the selection 
of the complementary filter affects the hearing aid device signal processors. 
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SUMMARY OF T HE INVENTIQM 

An object of the present Invention is to provide a feedback compensator, a 
method to compensate a feedback signal In an acoustic amplification system, and a 
hearing aid device with feedback compensation, that require little storage and have a 
Simple assembly and operating procedure with few nodes and few computer addition 
operations. 

This object is achieved by a feedback compensator In an acoustic 
amplification system, to compensate a feedback signal that ensues given an 
amplification of an input signal due to a feedback path from an amplified output 
Signal to the input signal, that has an adaptive feedback compensation filter to form a 
feedback compensation path copying (mimicking) the feedback path, an adaptation 
unit to adapt the feedback compensation filter, and a frequency limiting filter to limit 
the frequency range of the feedback compensation path. An Input signal path of the 
input signal is split two signal paths. The first signal path has a first filter and the 
second signal path has a second filter. The first signal path Is functionally connected 
after the first filter to a first node to subtract a compensation signal to the feedback 
compensation filter, and to a second node to deliver error signals to the adaptation 
unit. An output of the second node and the second signal path is connected with a 
third node for addition, and an output of the third node is connected with an Input of 
the amplification system, 

The feedback compensator according to.the invention enables the adaptation 
unit and ihe feedback compensation filter to be supplied with an output signal that Is 
filtered with the same filter, such that only a buffer storage is necessary for the 
feedback compensation. This is based on the inventive arrangement of the filters, 
nodes, and computer addition operations in the signal path. Furthemiore. the 
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feedback compensator according to the Invention requires only two addition nodos 
and splitting nodes each, as well as a complementary filter pair. The arrang ment 
thus can be built economlcaHy and simply. Only one filter to limit the frequency 
range is used in the feedback compensation path. This has the advantage that 
artifacts In the low frequency range are lessened. The control of the amplification 
system ensues Independently of the parameters of the first and second niters, as 
well as independently of the frequency-limiting filter, since the feedback 
compensation applies to the entire amplification system. This enables a flexible 
selection of the filter. 

The object with regard to a hearing aid device Is achieved by a hearing aid 
device that has a feedback compensator of the type described above. The invention 
can thereby be used in all known hearing aid device types, for example hearing aid 
devices wearable behind the ear, hearing aid devices wearable in the ear. 
implantable hearing aid devices, hearing aid device systems, or pocket hearing aid 
devices. 

The above object also is achieved by a method for compensating a feedback 
signal in an acoustic system, the feedback signal ensuing given an amplification of 
an input signal due to a feedback path from an amplified output signal to the input 
signal, wherein the feedback path is copied by an adaptive feedback compensation 
filter controlled with an adaptation unit, wherein a frequency limiting filter limits the 
frequency range of the feedback path to be copied, and wherein the method Includes 
the steps of splitting the input signal into a feedback-susceptible signal portion and a 
feedback-free signal portion, merging the foedback-unsuacepiible signal portion with 
a compensation signal of the feedback compensation filter to from a feedback- 
compensated signal portion, supplying the feedback-compensated signal portion to 
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.he adap.a«on u„« ^..^^^^ ^^^^^^ ^^^^^ 

compensa.ee signal portion w«h ,he feedbacK-f^e signa, portton to form a feedbacK- 
oompensated signal that Is subsequently amplified. 

The steps of the method need no. necessari^ p^ceed in the order described 
above. The ^ .Chods in the sequence speafied above altema^Vely can .alee 
Place befere the las. *™ method steps. An advantage o, ,he method Has is «s 
s,mp,ined execution, as well as in a cos..e«eo«ve .al^tlon of the mc«,od due to 
*e reduced s.orage requlremente and the effldent implementabiiity. 

In an embodlmen. o, the feedbacK compensator acconling to «,e invenUon i, 
used in a multi-channe, amp,«ca«on system that for example, has a filter banK 
tha. dismbu.es the input signal to a number of f,equency-spec«c adap.ed 
amplication sys.ems. This has the advantage that the feedback compensator 
simuttaneously covers all ft^quency-specific adapted amp.ifica«o„ systems 

in anomer embodiment of me feedbacK compensator. tt,e ftequency-iim^ng 
flter is an^nged between «,e ou^,u. of fto amp,ifica.ion system and .he feedbacK 
compensator as well as .he adaptafion unit. This has the advantage that «,e 
fracuency^llmiting filter affeCs only tt,e feedbacK compensa«on path. 

-n a turner embodiment of the feedbacK compensator, the first filter and the 
frequency-limiting fi«er exhibit substan«any KJentica, filter functions. Both inputs into 
the adaptafion unit .hen are subjected to subotanfiaiiy iden«ca, flitorings, namely «,e 
■npu, Signal by the first filter, and «,e amplified output signal by the f,equency.,im«ing 
filter. This leads to parfioutorly good condiHons for a fas, and accurate adaptoflon by 
the adaptation unit. 



in ancher embodiment of me memod me amplified ou.n„. 
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.he ad.p,a«o. u„« for .rror signa, ,va.ua«o„. and .e,.,„, .He ,eo*.o.. 
ocn,pensa,ec, .l.na, potion ..h r«edba...free .,gna, port,on to tor. a feeCbaC 
compensated signal that Is subsequently amplified. 

steps Of tt» n,a,hod na«d no. nacessariiy proceed in .i,e oi^er described 
above. The ... ^» „,.,o,, ^^^^^^^ 

Place befo. the las. ..o method steps. An advantage of the .e.h„d ,iss is „s 
s™p,«,ed ax.cu«on, as we,, as in a cost^ffacBve .a,iza«on o, the me«,od due ,„ 
the reduced storage requirements and the eflioient imptementabiliiy. 

-n an embodiment of the feadbacic compensalor accoMing to the Invention , 
■s used in a muBi-ohannel amplication system that, for example, has a fl«er bank 
that distdbutes the input ,,„3, .o a nun,ber of frequency-speci,^ adapted 
amp,«ca«on systems. This has the advantage «,a. the f^baC compensator 
s,muteneously covers all fraquency^pecifc adapted amplification systems 

in another ambodiment of the feedbaoK compensator. fl,e ftequenoy.,m«ng 
f,i.er is arranged be»ve«„ ^ ^^^^^^^ 

compensator as well as the adaptation unit. This has the advantage ^ 
ftequencsMimiting fiiter affects only the feedback compensation path. 

In a further embodiment of the f^back compensator, .he f.st filter and the 
frequancy-iimSIng Alter exhibit substantially .<.n.ica, filter mnoUons. Both inputs into 
me adaptation unit then are subieCed to substa„«aBy iden«oa. fiKeHngs, namely the 
-npu. Signal by the first filter, and the amplified output signal by the f^quency-limifing 
filter. This ioads to pa*ula«y good conditions for a fast arKi accurate adaptaSon by 
the adaptation unit. 

in another embodiment of the method me amplified output s^nai is fed y,. tt^. 
frequency.,im.ng fi«er to the adaptation unit and to me feedback compensation 
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filter. This reduces the influence of the method on frequency ranges In which 
feedback seldom ensues, and reduces there the generation of artifacts. 

In another emtx)diment of the method, the frequency ranges of the feedback- 
susceptible signal portion and of the feedbacic compensation path are selected such 
that they are approximately the same. This improves the adaptation in the 
adaptation unit, 

in a further embodiment of the method, the amplification is Implemented with 
a multi-channel amplification system. 

Furthermore, the above object also is achieved In a method for operating a 
hearing aid device according to the above-described method. 

pESCRtPTION OF THE DRAWIMGS 
FIG. 1 is a schematic block diagram of a feedback compensator In 
accordance with the invention. 

FIG 2 is a schematic block diagram of a feedback compensator in accordance 
with the invention used with a mufti-channel hearing aid device signal processor. 
DESCRIPTION OP T HE PREFegRj^ p EMBQDIMFMTQ 

Figure 1 schematically shows a feedback compensator 1 that enables a 
qualitatively good amplification of an acoustic input signal 3 with a hearing aid device- 
signal processor 5 when a feedback path 7 is present. An output signal 9 together 
with the acoustic input signal 3 find a way back to the input to the hearing aid device 
signal processor 5 along a feedback path 7. In order to prevent whistling or other 
disturbances due to the feedback, the acoustic input signal 3 is modified with the aid 
of a feedback compensation path, such that the feedback ceases. 

For this purpose, the acoustic input signal 3 is split at a splitting node 11 Into 
two signal portions, namely a feedback-susceptible signal portion 13. and a 
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feedback-free signal portion 15. Two complementary filters 17 and 19 implement the 
splitting in th© frequency range, such that, for example, the first filter 17 allows only 
frequencies higher than one kilohertz to pass. 

The feedback-susceptible signal portion 13 Is merged with an inverted 
compensation signal 23 at an addition node 21. The compensation signal 23 Is 
generated by a feedback compensation filter 25. An output signal 29 filtered with a 
frequency limiting filter 27 serves as the Input into the feedback compensation filter 
25. An adaptation unit 31 changes the coefficients of the feedback compensation 
filter 25 such that after passing through the feedback compensation filter 25. the 
filtered output signal 29 contains energy predominantly in the frequency range of the 
feedback. 

A condition for successful adaptation is a significant error signal 33. Such an 
error signal is obtained from the feedback-susceptible signal portion 13 after the 
merger with the compensation signal 23 and Is supplied to the adaptation unit 31 for 
evaluation. 

After the extraction of the error signal 33. the feedback-susceptible signal 
portion 13 is merged at a further node with the feedback-free signal portion 15. 
before it arrives in the hearing aid device signal processing 5. There it is amplified 
corresponding to the hearing loss of the hearing aid device user and forwarded to a 
speaker (earphone). The signal course implemented here is particularly 
advantageous in its execution, since functions with few nodes and computer 
operations. 

The feedback path 7 can be acoustic feedback directly from the speaker to 
the input microphone, or electromagnetic feedback, for example from th© speaker to 
a telephone col! within a hearing aid device. 
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The feedback compensator 1 requires only one m^mo^, for *e fllfe^d output 
sigral 29, since, for processing, this Is fed both to the feedback compensation filter 
25 and the adaptation unit 31, 

in the feedback compensator 1, the first flter 17 and the frequency limiting 
filter 27 have substantial^ the same «er function, since then the signal pem to the 
adaptation unit 31 that begins witt, the output signal 9, passes through me same 
filter In one case, the output signal S passes through the frequency limiting filter 27 
and is subsequently directly supplied to the adaptation unit 31. m a second case, 
the compensation signal 31 that, starting from the amplifled output signal 9, had 
passed through first the frequency limHing fBter 27 and then the feedback 
compensa«on filter 25, is supplied ro the adaptation unit 31 together with the 
feedback-susceptible signal portion 13. In a thini cese. the output eigne, that amved 
along the feedback path 7 at the input signal 3 passes th«,ugh the selected first filter 
17 most Wentical to the ftequency limiting filter 27. m this manner, a system to 
compen,,ate feedbacks is os^mbled that Is based on only tm addltbn nodes and 
requires only one buffer storage. 

The entire transfer function of the amplfflcatton system with the feedback 
compensator 1 is as follows; 

F1 and F2 are the respective transfer functions of the first and second filters 
17 and 19, F3 is the transfer functton of the frequency limiting filter 27. H and H' are 
the respective transfer functions of the feedback path 7 and the feedback 
compensation Alter 25. and G is the transfer function of «ie hearing aid device signal 
processor 5. The product ftom H of 1^2 can. given advantageous design of F1 and 
F2. be disregarded. 
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In Figure 2, a schematic illustration of an alterative use of the feedback 
compensator 1 is shown. In contrast to Figure 1. the signal processing is 
implemented by a multi-channel hearing aid device signal processor 34. For this, the 
signal again is merged after input into the multi-ctiannel hearing aid device signal 
processor 34 by a filter bank 35 and is distributed to the different ampllfiere 37 that 
operate In the various frequency ranges. The amplified signals are subsequently 
combined again in an addition node 39 into the amplified output signal 9. The 
advantage of this embodiment is that the adaptation of the mufti-channel hearing aid 
device signal processor 34 to the hearing loss of the hearing aid device user is 
independent of the filter function of the frequency-limiting filter 27 or of the firet filter 
17, An influence of the parameters of the multi-channel hearing aid device signal 
processor 34 by the feedback compensator 1 is prevented by the inventive 
an-angement of the feedback compensator 1 and a separate adjustment of the 

parameters of the multi-channel hearing aid device signal processor 34, as well as of 

the parameters of the feedback compensator 1 , is achieved. 

Although modifications and changes may be suggested by those skilled in the 

art, it is the intention of the Inventors to embody within the patent warranted hereon 

all changes and modifications as reasonably and properly come within the scope of 

their contribution to the art. 
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